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Abstract 
In order to predict urban water resources utilization more accurately, this paper respectively applied unbiased grey 
GM (1, 1) model, nonlinear model and combined model of them to calculate water consumption of Beijing from the 
year 2001 to 2010. Because different cities have different natures, each model used for predicting a specific city may 
have some disadvantages. Through weighted coefficients, combine the two model unbiased grey model with 
nonlinear model as weighted combined model. With accuracy testing methods, we concluded the accuracy of each 
model. The results showed that combination of unbiased grey GM(1,1) model with nonlinear model had highest 
accuracy than the other single model. The error variance of the predicting result of the unbiased grey GM (1, 1) 
predicting model was small but the average absolute error of that was large, but the error variance of the result of 
nonlinear prediction model was large and the average absolute error of this was small. This weighted combination 
model can integrate advantages of the above two kinds of model and make the result more accurate and reliable, 
which can be used in the short term and the long term prediction of urban water consumption. Water utilization of 
Beijing in 2020 was forecasted through the combined model is that the industrial water use is about 1805 million 
cubic meters and life water use is only 197 million cubic meters. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE2011. 
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1. Introduction
Establishing a statistical model of the original series is general water resources utilization prediction
method. Based on the statistical model, prospective water utilization can be predicted [1]. Urban water 
utilization is influenced by region, infrastructure, industrial production and other factors such as 
population [2], and the influence factors are always complex, nonlinear, fluctuant [3]. Therefore, the 
paper adopts a composite model [4-5] to try to minimize the error and achieve more accurate forecasting 
results. This combination of models is more systematic, comprehensive and reliable, which can 
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effectively improve the prediction accuracy. 
2. Methods 
Unbiased Grey GM (1, 1) model has some disadvantage [6]. Especially when original data is random, 
prediction on basis of unbiased Grey model may have low accuracy. Many researchers have already made 
a series of improvements for the traditional grey model. Based on previous studies, this paper establishes 
unbiased grey GM(1,1) model for water consumption from 2001 to 2010 of Beijing, which can be seen as 
follows [7] : 
Assume the sequence x(0)(1), x(0)(2), … x(0)(n) which meets x(0)(n)>0. Set up unbiased grey GM (1, 1) 
model as: 
 Accumulate the original data series: 
k(1) (0)x (k) = x (m)
m=1
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 Revise the above parameters: 
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 Establish model on basis of original data: 
(0)
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Here, unbiased grey model is: 
0.019(k-1)y = 12.05e                                                                                                                     (6)
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

Establish the nonlinear model as: 
Let and get logarithm from the both sides of the equations as follows: btY = Ae
lnY = lnA+ bt                                                                                                                                       7( )
Substitute  into equation , and if there are n observations, there will be n equations. Divide 
these into two groups and get the following equations: 
(t, y )t 6( )
m m
lny = mlnA+ b ttt=1 t=1
                                                                                                                       (8)
n n
lny = (n - m)lnA+ b ttt=m+1 t=m+1
                                                                                                       (9)
With average method [8], compute parameters of non-linear predicting model: 
1 1y y
∧
=                                                                                                       (bty Aet
∧
= (t = 2,3,...,n) 10)
Here, nonlinear model is: 
0.034311.4011 ty et
∧
=                                                                                                                   (11)
                                                                                                                                                                          
If there are m kinds of different predicting models, their combined model is signed [10]: 
m
f = k ft i iti=1
                                                                                                                                       (                          12)
Among above,   ft is the predicting value of the combined model at time t. fit  is the predicting value 
from the  predicting model,  k is the weighted coefficient of the predicting model, the weighted 
coefficient should satisfy: 
i
m
k = 1ii=1
  ( )                                                                                                                                   0ki ≥ i = 1,2,...,m (13)
Construct quadratic function and seek for the minimal value of this quadratic function under constraint 
conditions. Change the weighted coefficient problems into a quadratic programming in math: 
2n n2minw = min e = min (y - f )t t tt=1 t=1
n m m2 2= min (y - 2y k f +( k f ) )t t i it i itt=1 i=1 i=1
 
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(14)
Constraint conditions are: 
m
k = 1ii=1
                                                                                                         0ki ≥ (i = 1,2,...,m) (15)
Here, seek for the minimal value of this quadratic function under constraint conditions, expressed as: 
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2
16)
minw = 456.1697 - 908.7528k - 909k + 909.6k k1 2 1
2 2+454.7k + 455.1k1 2
                                                                    (
Constraint conditions are: 
m
k = 1ii=1
                                                                                                                              (i = 1,2) (17)
Use the software MATLAB to solve the quadratic programming problems through the function of 
quadprog[11] in the software. In MATLAB language it can be expressed as:  
H = [2* 454.7,909.6;909.6,2* 455.1]
f = [-908.8; -909]
Aeq = [1 1]
beq = [1]
lb = [zeros(2,1)]
[k] = quadprog(H, f,[],[], Aeq,beq,lb)
Put this problem into the software MATLAB to solve the results of that quadratic programming 
problem and results are: 0.66671k = 0.33332k =
Put the results into equation ( :12)
       
-0.07894(k-1) -0.08662ty = 0.6667 * 9.138679e +0.3333* 10.27733e                                           (18)
Through prediction testing, the accuracy of the three models will be seen as Table 1: 
 Table 1. Three kinds of water consumption model prediction results  
Model Squared sum Error Absolute Error 
Unbiased Model 20.3304 1.0977 
Non-linear Model 24.7038 0.8672 
Combined Model 15.1901 0.2864 
3. Conclusions 
With testing accuracy methods, it showed that the weighted combination of the other two models had 
more accurate calculation for water use of Beijing. Through the model, it separately calculated industrial 
water use and life use of Beijing in 2020 which is 1805 million cubic meters and 197 million cubic meters. 
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